A novel methane-oxidizing bacterium, strain Fw12E-Y T , was isolated from floodwater of a rice paddy field in Japan. Cells of strain Fw12E-Y T were Gram-negative, motile rods with a single polar flagellum and type I intracytoplasmic membrane arrangement. The strain grew only on methane or methanol as sole carbon and energy source. It was able to grow at 10-40 6C (optimum 30 6C), at pH 5.5-7.0 (optimum 6.5) and with 0-0.1 % (w/w) NaCl (no growth above 0.5 % NaCl). 16S rRNA gene sequence analysis showed that strain Fw12E-Y T is related most closely to members of the genus Methylomonas, but at low levels of similarity (95.0-95.4 %). Phylogenetic analysis of pmoA and mxaF genes indicated that the strain belongs to the genus Methylomonas (97 and 92 % deduced amino acid sequence identities to Methylomonas methanica S1
T , respectively). The DNA G+C content of strain Fw12E-Y T was 57.1 mol%. Chemotaxonomic data regarding the major quinone (MQ-8) and major fatty acids (C 16 : 1 and C 14 : 0 ) also supported its affiliation to the genus Methylomonas. Based on phenotypic, genomic and phylogenetic data, strain Fw12E-Y T is considered to represent a novel species of the genus Methylomonas, for which the name Methylomonas koyamae sp. nov. is proposed. The type strain is Fw12E-Y T (5JCM 16701 T 5NBRC 105905 T 5NCIMB 14606 T ).
The genus Methylomonas (Whittenbury & Krieg, 1984; Bowman et al., 1993) belongs to the type I methaneoxidizing bacteria (MOB) in the Gammaproteobacteria and, at the time of writing, comprised four recognized species, Methylomonas methanica (Whittenbury & Krieg, 1984) , Methylomonas aurantiaca (Bowman et al., 1990) , Methylomonas fodinarum (Bowman et al., 1990) and Methylomonas scandinavica (Kalyuzhnaya et al., 1999) . Methylomonas species have been isolated from sediments of freshwater lakes and rivers, wetland muds, activated sludge and wastewater, and coal mine drainage water (Bowman, 2005) . During cultivation of MOB from several compartments in a paddy field ecosystem, strain Fw12E-Y T was isolated from floodwater in Japan (Dianou et al., 2012) . In this communication, strain Fw12E-Y T is characterized in detail and we propose that it represents a novel species of the genus Methylomonas.
A floodwater sample was collected from a rice paddy field in Anjo Agricultural and Extension Centre, Aichi-ken Agricultural Experiment Station, Anjo, Aichi, Japan (34u 979 N 137 u 079 E) on 11 August 2003. Details of the sampling and enrichment will be described elsewhere (Dianou et al., 2012) . In brief, 250 ml sample was taken from 5-10 cm depth of the floodwater and passed through a membrane filter (pore size 0.2 mm). The filter was placed in a 60 ml serum bottle containing 10 ml nitrate mineral salt (NMS) medium (Whittenbury et al., 1970b) at pH 6.8. The bottle was sealed with a butyl rubber stopper and an aluminium seal and incubated with shaking at 30 u C under 20 % (v/v) methane for 3 weeks. The enrichment culture was diluted and streaked onto NMS agar slants. The slants were incubated at 30 u C under 18 % (v/v) methane for 3-4 weeks. Colonies that formed were transferred to liquid NMS medium and cultivated with shaking at 30 u C under 18 % (v/v) methane for 1-3 weeks. Colony isolation from the agar slants and cultivation were repeated by checking methane consumption in the headspace by GC. Finally, a pure culture was obtained by the extinction dilution technique with 1a liquid medium (Leadbetter & Foster, 1958) after several subcultures in this medium.
Colony morphology and pigmentation were observed for cultures grown on 1a agar and in liquid media. Cell morphology was observed by phase-contrast and epifluorescence microscopy with an Olympus BX50 microscope and electron microscopy with a Hitachi H-7500AMT Advantage HR transmission electron microscope. Gram-staining was performed by using a modification of Hucker's method. Cyst formation was tested as described by Vela & Wyss (1964) . Flagellation and intracytoplasmic structures were observed for negatively stained cells with 4 % (w/v) phosphotungstic acid and for ultrathin sections of cells fixed with 3 % (v/v) glutaraldehyde and 1 % (w/v) osmium tetroxide and stained with 2 % (w/v) uranyl acetate and lead stain solution (Sigma-Aldrich), respectively.
Effects of temperature (4, 10, 15, 20, 25, 30, 37, 40 and 45 u C), pH (4.5-10.5) and concentrations of NaCl (0, 0.1, 0.5, 1, 2 and 5 %, w/w) and methane (0, 10, 18, 30, 50, 70, 90 and 100 %, v/v) on growth were tested in liquid 1a medium by measuring the A 600 of cultures and methane consumption. pH was adjusted to 4. 5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5 and 9 .0 with 0.02 M NaHPO 4 /Na 2 HPO 4 and to 9.0, 9.5, 10.0 and 10.5 with 0.02 M NaHCO 3 /Na 2 CO 3 . Utilization of carbon sources for growth was investigated in microtitre plates containing liquid 1a medium supplemented with 0.1 % (w/v) of the following filter-sterilized compounds: methanol, formaldehyde, formate, formamide, ethanol, methylamine, dimethylamine, trimethylamine, tetramethylammonium chloride, trimethylamine Noxide, trimethyl sulfonium iodide, dimethyl carbonate, acetate, pyruvate, citrate, malate, succinate, D-arabinose, Dxylose, D-glucose, maltose, sucrose, mannitol and glycerol.
Cells for chemotaxonomic analyses were harvested from liquid cultures at late exponential phase (48 h) grown at 30 u C. The composition of cellular fatty acids was analysed at the TechnoSuruga Laboratory (Shizuoka, Japan) by using the Sherlock Microbial Identification (MIDI) System version 4.5. Extraction of polar lipids was performed as described by Minnikin et al. (1984) and methyl esters of fatty acids were prepared from the extracted polar lipids by methanolysis by using HCl/methanol and were analysed by GC with a Shimadzu GC-14B and by GC-MS with a JEOL JMS-K9. Dimethyl disulfide derivatives of monounsaturated fatty acids for determination of the double-bond position were prepared according to the method described by Nichols et al. (1986) . Quinones were extracted according to Fujie et al. (1998) and were analysed by HPLC with a Shimadzu LC-10AT and by MS with an Applied Biosystems API 3200Q TRAP LC/MS/MS system. DNA was isolated and purified as described by Sowers (1995) and DNA G+C content was determined according to the method of Katayama-Fujimura et al. (1984) and Tamaoka & Komagata (1984) with a Shimadzu LC-10AT machine.
Fragments of the 16S rRNA, pmoA and mxaF genes were amplified by PCR with primers 27f/1492r (Weisburg et al., 1991), A189f/mb661r (Holmes et al., 1995; Costello & Lidstrom, 1999) and 1003F/1561r (McDonald et al., 1995) , respectively. The sequences were determined with an ABI 3130 genetic analyser and Big Dye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems). The 16S rRNA gene (1458 bp) and the deduced amino acid sequences of the pmoA (157 residues) and mxaF (171 residues) were subjected to BLAST searches to identify related sequences. Pairwise nucleotide 16S rRNA gene sequence similarity values were calculated by using the global alignment algorithm at the EzTaxon server (http://www.eztaxon.org/; Chun et al., 2007) . Phylogenetic trees were constructed with the neighbour-joining method (distance options according to the Kimura two-parameter model) with the program CLUSTAL X based on bootstrap analysis of 1000 replications.
Cultures of strain Fw12E-Y T had concomitant Hyphomicrobium-like cells even after repeated transfers of colonies on NMS agar slants into NMS liquid medium and subsequent subculturing. Geymonat et al. (2011) also reported the tight association of Hyphomicrobium-like bacteria during isolation of a type I MOB from paddy field soil. The culture of strain Fw12E-Y T was subjected to single colony isolation on 1a agar plates and the extinction dilution procedure in 1a liquid medium for further purification. Finally, strain Fw12E-Y T was successfully isolated from the highest positive dilution by the extinction dilution method. Culture purity was confirmed by phase-contrast microscopy, epifluorescence microscopy with probes Mc84+Mc705 for type I MOB and Ma450 for type II MOB (Eller et al. 2001) , fluorescence in situ hybridization according to Pernthaler et al. (2001) and failure to grow in liquid or on agar media [nutrient broth medium, Luria-Bertani medium, NMS medium supplemented with 0.1 % (w/v) sucrose and polypeptone medium supplemented with 0.05 % (v/v) methanol] without adding methane.
Round, pink colonies formed after 2-3 days of incubation on 1a agar plates; with longer incubation, the colonies reached 2-3 mm in diameter and were pink to orange. Cultures in 1a liquid medium were pink to orange and uniformly turbid without forming a surface pellicle under static conditions. The A 600 of the culture was above 1.0 after 2 days of incubation. Cells were Gram-negative, motile rods (1.2-2.5 mm long and 0.8-1.1 mm wide; mean 0.961.7 mm) with a single polar flagellum (Fig. 1a) . The cells did not form chains, but occurred singly or in pairs (Fig. 1b) . Electron microscopy of ultrathin sections of cells showed layered bundles of vesicular discs, which are characteristic of an intracytoplasmic membrane structure of type I MOB (Fig. 1c) . Formation of 'immature' cysts (Whittenbury et al., 1970a) was detected by staining and phase-contrast microscopy; cells were not tolerant to heat treatment (80 u C, 3 min) or desiccation (2 days).
Strain Fw12E-Y T grew only on methane and methanol. Doubling time in 1a liquid medium with 18 % (v/v) methane was 6.1 h at 30 u C. The strain grew at 10-40 u C and pH 5.5-7.0, with optimum growth at 30 u C and pH 6.5. It showed good growth with 0-0.1 % (w/w) NaCl, but no growth above 0.5 % NaCl. Strain Fw12E-Y T grew under 5-90 % (v/v) methane and the specific growth rate was similar at methane levels between 10 and 90 %. Table 1 shows the composition of the cellular fatty acids of strain Fw12E-Y T as determined by using the MIDI system. The major fatty acids were C 16 : 1 and C 14 : 0 with smaller amounts of C 16 : 0 , and the composition of these components was similar to those observed in Methylomonas species although the isomers of C 16 : 1 fatty acids were not fully identified by the MIDI system. GC-MS analysis of methyl esters of fatty acids from polar lipids revealed C 14 : 0 , C 16 : 0 and at least four isomers of C 16 : 1 separated chromatographically. Analysis of the dimethyl disulfide derivatives by GC-MS revealed the presence of monounsaturated fatty acids C 16 : 1 v8c, C 16 : 1 v7c, C 16 : 1 v6c, C 16 : 1 v5c and C 16 : 1 v5t (43, 23, 9.1, 3.2 and 22 %, respectively, of the C 16 : 1 isomers), which coincided with the phospholipid fatty acids profiles of Methylomonas species given by Bowman et al. (1991 Bowman et al. ( , 1993 . Tandem MS analysis revealed the major lipoquinone was 18-methylenesubstituted ubiquinone (MQ-8) (Collins & Green, 1985) ( Fig. S1 in IJSEM Online). Cytochrome c oxidase and catalase activities were present. The DNA G+C content of strain Fw12E-Y T was 57.1±0.06 mol% (mean±SD; n53).
The morphological, physiological and chemotaxonomic features of strain Fw12E-Y T mentioned above are summarized 0.72 0-2 2 0-3 0-0.1 *C 16 : 1 v8c was not identified by using the fatty acids database for bacteria in the MIDI system, but was assigned based on the MIDI Eukary method. DThis may also include iso-C 15 : 0 2-OH according to the report using the MIDI system.
in Table 2 . These characteristics indicate that the strain belonged to the type I MOB and resembled those of members of the genus Methylomonas (Bowman, 2005; Bowman et al., 1993) .
16S rRNA gene sequence analysis showed that strain Fw12E-Y T was related most closely to the genus Methylomonas (Fig. 2) . However, levels of pairwise similarity between strain Fw12E-Y T and the type strains of recognized Methylomonas species were low (95.0-95.4 %). Phylogenetic analysis of pmoA and mxaF genes indicated that the strain belonged to the genus Methylomonas with 97 and 92 % deduced amino acid sequence identities to Methylomonas methanica S1 T , respectively (Fig. 3) . The soluble methane monooxygenase gene (mmoX) was not detected in strain Fw12E-Y T .
The phenotypic, genomic and phylogenetic data presented here indicate that strain Fw12E-Y T is a member of the genus Methylomonas. However, levels of 16S rRNA gene sequence similarity were too low to assign the strain to one of the recognized species of the genus. In addition, the strain exhibited the following distinctive physiological features as compared with Methylomonas species: uniform turbidity without surface pellicle formation under static culture conditions; cells did not form chains, but occurred singly in or pairs; and no growth above 0.5 % (w/w) NaCl (Table 1) . On this basis, strain Fw12E-Y T is considered to Whittenbury & Krieg, 1984; Bowman et al., 1993) ; 3, Methylomonas fodinarum LD2 T (Bowman et al., 1990) ; 4, Methylomonas aurantiaca JB103 T (Bowman et al., 1990) represent a novel species of the genus Methylomonas, for which we propose the name Methylomonas koyamae sp. nov.
Description of Methylomonas koyamae sp. nov.
Methylomonas koyamae (ko.ya9ma.e, N.L. masc. gen. n. koyamae named after Japanese biogeochemist Tadashiro Koyama, in honour of his seminal research on gas metabolism in paddy soils and lake sediments, especially atmospheric methane production).
Cells are Gram-negative, motile rods with a single polar flagellum and type I intracytoplasmic membrane arrangement. Grows only on methane or methanol as the sole carbon and energy source. Cells do not form chains or a surface pellicle. Grows optimally at 30 u C, at pH 6.5 and with 0-0.1 % (w/w) NaCl; cells are sensitive to NaCl above 0.5 %. The major quinone is MQ-8 and C 16 : 1 and C 14 : 0 are predominant fatty acids.
The type strain, Fw12E-Y T (5JCM 16701 T 5NBRC
105905
T 5NCIMB 14606 T ), was isolated from floodwater of a rice paddy field in Japan. The DNA G+C content of the type strain is 57.1 mol%.
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